Introduction
In order to examine exactly the strength of transverse rings of oil tanker with long cargo tanks, it 1.
Process of Calculation
General Considerations (1) Disvison of Structures
We devide the longitudinal strength members of a ship into four parts, that is, the side shell part, the longitudinal bulkhead part, the bottom centre girder part and the deck centre girder part as shown in Fig. 1 (i) (a) Cut out whole the tank parts from a tanker floating in uprihgt condition and support the neutral axis of the Hull Girder at both ends (at the engine room front bulkhead and at the fore peak bulkhead) as shown in Fig (ii) Treat the longitudinal strength members as a composite parallel beam connected with distributed spring action of transverse rings and of deck and bottom plates and with concentrated spring actions of watertight and swash bulkheads. So it is enough to take the reaction forces at support points of a transverse ring subjected to external loads of one transverse spacing and given the forced displacement at each support point equal to the deflection of corresponding longitudinal member as the vertical loads for the longitudinal strength members, adding suitably the hull weight.
(iii) Consider, at first, the transverse ring supported by longitudinal members, and then calculate the deformation of transverse members subjected to external loads of 1-transverse spacing. Next give Thus, it is expected that the three dimentional strength calculation is able to be carried out with sufficient accuracy for practical use if the distribution of external loads coincides to the load curve for the Longitudinal Strength Calculation.
Method of Calculation of Transverse Strength Members
(1) Transverse Rings
The final state of deformation of transverse ring is obtained by superposing the following states ; one is the deformation when is subjected to external loads of 1-transverse spacing with each support point being restrained and others are the deformations when are given the forced displacement equal to the deflection of the corresponding longitudinal member to each support point one by one as shown in fig. 1-3. It is, therefore, enough to calculate the deformations of transverse ring of the following states ;
one is the state shown in Fig with forced displacement in equal to unity, respectively. Ordinary rigid frame theory1)5) is used for this calculation taking into consideration of both bending and shearing deflections and of the effects of existences of variable cross sections. The elongations of members are also considered.
Let us represent the stresses and stress resultants acting on the cross section of the point-j in the member-jk by general notation of Hik, and define the following notations :
(i) Stress Resultants and stresses
Our objective forces and moments and stresses acting on the cross section of the point -j in the member-jk, can be calculated by the following formulas. where : S is transverse spacing, and wi is hull weight for each member. Considering the equilibrium of all the forces and moments, we obtain the following equations (refere to Fig. 1-8 We must say that this experiment had been carried out before the same kind of experiment which was committed to our company by the 83'rd Division of the Japan Ship Research Association.
Test Conditions
The principal dimensions and the test conditions of the subject ship are listed in Table 2 -1. The load conditions measured and the rough midship section are shown in Fig. 2-1 (a) and (b) , respectively.
The items and the instruments of experiment are listed in Table 2 
Results of the Experiment
The These values were all measured under the Tank Test pressure.
As to the relative deflections of bottom centre girder Values of these stresses were much smaller than those previously mentioned. (ii) As to the normal stresses in face plates of a transverse ring, it can be said that we can well characterize and estimate the results of experiment by those of calculation with quite the good accuracy for the parallel parts and the corners. But it can not be said so for the parts where the sections are changing their scantlings from the parallel parts into the corners. This means that it is necessary to study further on the method of treatments for the so called rigid parts and for the variable cross sections in ordinary rigid frame theory used for a transverse ring and on the method of calculation for stresses in corners.
(iii) As to the shearing stresses in web plates of a transverse ring, it should be noted that we measured the shearing stresses on so few points as to make decided discussion.
But it seems that we can estimate the results of experiment by those of calculation taking into account of the effects of collar plates attached to the slots.
Putting together the above mentioned things, it seems to be able to say that we can estimate the state of deformation and stresses of the transverse ring of a big tanker under the Tank Test pressure with necessary accuracy for practical use by calculating them according to the way of thinking explained in the Chapter 1. In order to obtain the results of calculation with more accuracy, we think that it is necessary to study further on the items pointed out in the paragraph
(ii) of this section. The ratios of the induced stresses to the stresses due to the direct load in the lower members of a transverse ring are of the order about 20-30%, both for the normal and shearing stresses. These ratios will become larger in case that the ballast water is loaded in rather a longer tank than in case of this tahk test. These values are shown in the corresponding above figures at the same time.
where ; k is a correction factor for the distribution of the shearing stresses in the web plates of bottom and deck centre girder and in this case the value of k is taken equal to 2/3.
The maximum values of those calculated by the equation (3.1) are compared to those calculated by the equation (3.2) and are listed in ( 1 ) Shearing Forces ( i ) In way of the tank parts, the shearing force seems to be more shared by the longitudinal bulkhead and to be less shared by the side shell than what is usually considered in both the two load conditions.
( ii ) The shearing forces are much deviated from those shared by in proportion to the shearing rigidities of the longitudinal members, especially in the bottom and the deck centre girders .
(iii) The deviations observed in case of heavy ballast condition are larger than those observed in case of full load condition.
( 2 ) Bending Moments ( i ) The bending moments are slightly deviated from those shared by in proportion to the' rigidities in the side shell and in the longitudinal bulkhead , but are much deviated in the bottom and the deck centre girders, both in the two load conditions . ( 3 ) General Tendency ( i ) It can be said that the more rapidly is the load changing along and across the tank parts. the larger will become these deviations for both the shearing forces and the bending moments .
These things can be easily understood and these are in accordance with what Prof . Mano proposed before. It can, therefore, be said about the shearing deformation of a tanker as follows :
( i ) When only the shearing deformation in wing tank is discussed, the shearing deflections of the side shell and of the longitudinal bulkhead due to the load deviated are the most important .
The method, therefore, proposed before by Prof . Yamakoshi will give the good results for this.
case.
( ii ) When the shearing deformations both in the wing and the centre tanks are discussed, it is, necessary to take into account of both the bending and shearing deflections and the elongations , especially those of the centreline girders .
Conclusions
In this paper the method of a three dimensional strength calculation on the tank part structures, of a big tanker was deduced and the results of the experiment on an actual ship were analyzed by this method with some considerations upon the longitudinal strength members. As the results of this study the following things were found :
( 1 ) The deformations and the stresses in the transverse ring of a big tanker can be estimated with necessary accuracy for the practical uses according to the method explained here.
(2) The shearing deformations in the cross section increase the stresses in the lower parts of the transverse ring due to the direct load in the magnitude of about 20-30%
under Tank Test Pressure in the case of this study. where A is a constant singular natrix and zero is its eigen value of multiplicity two, and F(x) is a vector function corresponding to load conditions which are assumed constant in each tank, and Y is an unknown vector function to be determined.
To solve a problem of this kind, a general method is described in reference.), and the method of calculation employed here is an example of it with some modifications to avoid the decrease of accuracy in final results. Although our computer program written in IBM 7040 FORTRAN IV language can solve up to 15 tanks problem, we restrict ourselves here to a simple case of three tanks problem to clarify the modified method. For the sake of simplicity however we omit detailed description of the actual choice of following various matrices and vectors. 
